Dipyrone administered intravenously (iv) delays gastric emptying (GE) in rats. The objectives of the present study were to assess: 1) the effect of the dose of dipyrone and time after its iv administration on GE in rats, 2) the effect of subdiaphragmatic vagotomy (VgX) and bilateral electrolytic lesion of the paraventricular nucleus (PVNX) on the delayed GE induced by the drug, and 3) the intracerebroventricular (icv) action of dipyrone and of one of its metabolites, 4-aminoantipyrine on GE. Male Wistar rats received saline labeled with phenol red intragastrically as a test meal. GE was indirectly assessed by the determination of percent gastric retention (GR) of the test meal 10 min after administration by gavage. Dipyrone delays GE in a dose-and time-dependent manner. Thirty minutes after the iv administration of 80 mg/kg dipyrone, the animals showed significantly higher GR (mean = 62.6%) compared to those receiving vehicle (31.5%). VgX and PVNX significantly reduced the iv effect of 80 mg/kg dipyrone (mean %GR: VgX = 28.3 vs Sham = 55.5 and PVNX = 34.5 vs Sham = 52.2). Icv administration of 4 µmol dipyrone caused a significant increase in GR (54.1%) of the test meal 10 min later, whereas administration of 4 µmol 4-aminoantipyrine had no effect (34.4%). Although the dipyrone dose administered icv was 16 times lower than that applied iv, for the same time of action (10 min), the GR of animals that received the drug icv (54.1%) or iv (54.5%) did not differ significantly. In conclusion, the present results suggest that the effect of dipyrone in delaying GE is due to the action of the drug on the central nervous system, with the participation of the PVN and of the vagus nerve.
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Introduction
Gastric emptying is a complex process of orderly transfer of the gastric content to the small intestine resulting from the action of excitatory and inhibitory mechanisms that control the motor activity of the stomach, pylorus and duodenum (1) . The enteric nervous system modulates the activity of muscle fibers in the proximal and distal stomach (2, 3) . The central nervous system (CNS) participates in the control of gastric emptying through connections with the enteric nervous system via the vagus nerve and the sympathetic nervous system (2) . The dorsal complex of the vagus is under the influence of higher structures such as the paraventricular nucleus (PVN) of the hypothalamus which may modify gastric emptying (4) (5) (6) (7) . Once gastric emptying is started, the process is modulated by inhibitory stimuli depending on the physicochemical characteristics of the food bolus which act on receptors located in the mucosa of the small intestine (1, 8) . Meals that are practically of an inert nature such as physiological saline have a minimal effect on these receptors (9) .
Several conditions are known in which gastric emptying is delayed or accelerated (10) . Intravenous (iv) dipyrone administered at high doses has been shown to cause delayed gastric emptying in rats (11) , an effect confirmed by our group using saline solution as a test meal (12) . This drug, first synthesized more than 80 years ago, is a pyrazolone derivative with analgesic and antipyretic activities due in part to the action of dipyrone itself or of its metabolites on the CNS (13) (14) (15) (16) .
However, the site of action and the mechanisms involved in the delay of gastric emptying caused by dipyrone are unknown. On this basis, the objectives of the present study were to assess 1) the effect of iv dipyrone on the gastric emptying of a saline meal in rats with respect to dose and time after its administration, 2) the effect of subdiaphragmatic vagotomy and electrolytic lesion of the PVN on this phenomenon, and 3) the effect of intracerebroventricular (icv) application of the analgesic and of one of its metabolites, 4-aminoantipyrine (AA), on the gastric emptying of the same test meal.
Material and Methods
The study was conducted on male Wistar rats weighing 250-300 g adapted to laboratory conditions over a period of two weeks.
The experimental protocols used in this study followed the recommendations of the Colégio Brasileiro de Experimentação Animal (COBEA, Brazilian College of Animal Experimentation). In all surgical procedures the animals were first sedated with an intraperitoneal (ip) injection of 75 mg/kg thiopental. After the surgical procedures the animals were kept in individual cages with free access to ration and water.
Solutions of dipyrone (Sigma, St. Louis, MO, USA) or of AA (Sigma) in sterile saline as a vehicle were prepared at the time for use and were protected from light. Equivalent volumes of vehicle were used to treat the controls.
For the dose-response study, iv (via a tail vein) vehicle (0) and 10, 20, 40 and 80 mg/kg dipyrone were used and gastric emptying was determined 1 h later. To determine the response with respect to time after administration, different groups received vehicle or dipyrone, 80 mg/kg, iv, and gastric emptying was determined 10, 30, 60 and 120 min after the injections.
The rats used to assess the participation of the vagus nerve in the phenomenon were submitted to subdiaphragmatic section of the ventral and dorsal branches of the nerve two weeks before the procedure. The Sham group consisted of rats submitted to sham surgery and the Naive group was not submitted to any procedure. Data for animals displaying severe gastric stasis two weeks after vagotomy were excluded from analysis.
To assess the participation of the PVN, the animals were again divided into three groups: Naive, Sham and with limited bilateral PVN lesions (PVNX group). Ten days before the study PVNX animals were submitted to bilateral lesion with a current of 0.5 mA at two sites for 10 s using a nickel/ chromium electrode 0.25 mm in diameter covered with insulating resin except for 0.1 mm at the tip. The following coordinates were used: anteroposterior (AP) -1.2 and -1.5 mm, lateral ± 0.5 mm, and vertical 7.8 and 8.0 mm at the points corresponding to the AP point. All measurements were made in relation to the bregma using the Paxinos and Watson atlas (17) . The same coordinates were used for the Sham groups except for the vertical one, when depth was 7.5 mm, with no passage of current. Naive animals suffered no intervention.
In both studies, vehicle or an 80 mg/kg dipyrone solution was injected iv and gastric emptying was assessed 30 min after injection.
For the study of the effect of icv injections, two weeks before the experiment each animal was implanted into the right lateral ventricle with a 15-mm long stainless steel cannula (21 G) fixed to the skull with two screws held in place with self-polymerizing acrylic resin and an instant adhesive (cyanoacrylate ester). The coordinates for the implantation were: AP = -0.2 mm, right lateral = 1.5 mm, and vertical = 4.2 mm. All measurements were made in relation to the bregma using the de Groot atlas (18) as reference. An internal cannula (28 G) connected to a 25-µl Hamilton syringe by a polyethylene tube was used for the icv microinjections, which consisted of 10 µl saline or an equal volume of a solution containing 4 µmol (1333.2 µg) dipyrone or 4 µmol (812.8 µg) AA. These amounts had been established in preliminary studies. Gastric emptying was assessed 10 min after icv injections.
Gastric emptying was studied in awake animals between 14:00 and 17:00 h after 20 h of fasting, with free access to water, which was interrupted at the time of the test. The test meal consisted of 2 ml/100 g body weight of an aqueous solution of 0.9% NaCl containing 6 mg/dl phenol red as a marker. In all experiments, gastric emptying was assessed indirectly by the determination of percent gastric retention of phenol red in the test meal recovered from the gastric content 10 min after administration of the test meal by gavage (19) . Phenol red concentrations were read with a spectrophotometer at 560 nm.
After the experiments, all animals were sacrificed. In the PVNX group the brain was removed, fixed and embedded in paraffin and histological sections were obtained and stained with toluidine blue. For confirmation of the site of lesions, the sections were compared to the figures of the Paxinos and Watson atlas (17) under the microscope. In the animals with a cannula implanted into the lateral ventricle, the site was located by icv injection of 10 µl 1% Evans blue at the end of the study of gastric emptying. In this group, after sacrifice the brain was removed, fixed in 10% formalin and sectioned and the icv injection was confirmed when the stain was found in the fourth ventricle.
The results of gastric emptying are reported as means ± SEM. Data were analyzed statistically by ANOVA followed by the Tukey test for pair comparison (α = 0.01).
Results
Gastric retention was significantly increased in animals that received dipyrone at the doses of 40 and 80 mg/kg compared to control (Figure 1) , with a significant positive correlation (r = 0.96). Also, at the dose of 80 mg/kg, gastric retention of the test meal was increased at times 10, 30 and 60 min compared to the respective controls, with a significant reduction of the effect at 120 min ( Figure 2 ). These results confirm the reports of others that high doses of dipyrone administered iv delay gastric emptying and with the use of 80 mg/kg the effect is immediate and more intense during the first hour after administration.
In the study of the effect of vagotomy on the delay in gastric emptying caused by dipyrone (Figure 3 ), Sham and Naive animals, which received dipyrone, presented a significant increase in gastric retention of the meal compared to their controls. No significant differences were observed between these two groups when compared to the animals treated with dipyrone or vehicle. These data suggest that the surgical intervention did not interfere with the response of the animals to dipyrone. However, there was a significant reduction in gastric retention in the vagotomized animals which received dipyrone compared to Sham animals which also received the drug. There was no significant difference between vagotomized animals which received dipyrone or vehicle. Figure 4 shows the location of electrolytic lesion and the effects of PVN lesion on the delay of gastric emptying induced by dipyrone. Observation and statistical analysis showed that the results were practically identical to those obtained in the preceding experiment. The Sham group did not differ from the Naive group, indicating that the surgical procedure did not interfere with the effect of dipyrone on gastric emptying. PVN lesion significantly reduced gastric retention in animals treated with dipyrone compared to similarly treated Sham animals. No significant differences were observed between Sham and PVNX animals that received vehicle or between PVNX animals that received vehicle or dipyrone.
When AA was administered icv, no significant effect on gastric retention of the meal was observed 10 min after application ( Figure 5 ). On the other hand, dipyrone caused a significant increase in gastric retention compared to vehicle. When the effect of icv application of dipyrone on gastric retenGastric retention (%) 
* * * * C Dp C Dp C Dp Naive Sham PVNX Pe Pe tion was compared with that of iv application of the drug at the dose of 80 mg/kg body weight 10 min after administration ( Figure  2 ), no significant difference was observed (P > 0.05). The dipyrone dose applied icv was 16 times lower (~5 mg/kg) than that applied iv.
Discussion
In addition to the known analgesic and antipyretic properties of dipyrone, we describe in the present study an unusual effect of the drug, i.e., a delay of gastric emptying in rats, confirming a previous report (11) . It was demonstrated that this effect is dose dependent, occurs early and is more intense during the first hour after iv administration (Figures 1 and 2) . The relationship between this effect and the analgesic and antipyretic properties of the drug is unknown.
Dipyrone administered by the oral route is rapidly hydrolyzed by gastric juice, forming 4-methylaminoantipyrine (MAA), and is fully absorbed in this form (16) . MAA is demethylated directly to AA mainly in the liver, and AA is later metabolized to 4-acetylaminoantipyrine (AAA) and 4-formylaminoantipyrine (FAA). FAA may also be a direct product of MAA metabolism. Other metabolites are then generated from MAA, AA and AAA (16, 20) . The hepatic isoenzymes of cytochrome P450 that participate in these metabolic processes have not been identified, although there are indications that enzymes of the CYP2B family may be involved in rats (16, 21) .
Dipyrone is considered to be a "pro-drug" acting through MAA and AA on the inhibition of prostaglandin synthesis, while the other two metabolites, AAA and FAA, are practically inactive (13, 14, 16) . After dipyrone administration, these metabolites detected in blood and in spinal fluid are excreted into urine during the first 24 h (14, 16, 22) .
The mechanisms involved in the analgesic and antipyretic effect of dipyrone are poorly known and there is controversy about the sites of action of the drug. It has been proposed that this drug interferes with nociceptive and pyrexia mediators through the MAA and AA metabolites, blocking the synthesis of prostaglandins in the CNS (15) . However, there are indications that it also induces analgesia by acting on peripheral nociceptive nerve endings through the generation of nitric oxide (23, 24) . More recently, evidence has been reported showing that the antinociceptive effect of dipyrone occurs both at the peripheral and at the central level (25) .
Dipyrone has a proven effect and is extensively used for the control of pain crises with a component of smooth muscle spasm (16) . On this basis, a first hypothesis to explain the phenomenon of delayed gastric emptying could be that this effect is due to a direct action of the drug or of its metabolites on smooth muscle fibers and/or the enteric nervous system of the stomach and/or duodenum. However, preliminary studies on the direct action of dipyrone using isolated preparations demonstrated a discrete or absent effect of the drug on smooth muscle (26) (27) (28) .
In addition, the present observation that the effect on gastric emptying was abolished by vagotomy ( Figure 3 ) makes this possibility unlikely. Vagotomy modifies the motor activity of the stomach, blocking the arrival of afferent inhibitory stimuli in the nucleus tractus solitarii and abolishing the efferent stimuli originating in the dorsal nucleus of the vagus (2, 10, (29) (30) (31) . The present study also showed that the participation of the PVN is necessary for the effect of dipyrone on gastric emptying since bilateral electrolytic lesion of the hypothalamic region corresponding to this nucleus abolished the effect of the drug (Figure 4) . The cells of the parvocellular division of the PVN have connections with the nucleus tractus solitarii and the dorsal nucleus of the vagus (32) (33) (34) (35) . Under non-physiological conditions such as stress, this region of the hypothalamus interferes with gastric motility leading to delayed gastric emptying (4-6). On this basis, the results obtained thus far in the present study permit us to speculate that the PVN, because of the direct or indirect action of dipyrone or its metabolites, may affect gastric emptying through the vagus.
As shown in Figure 5 , icv administration of dipyrone caused a significant gastric retention of the test meal 10 min later and equimolar application of AA by the same route had no effect. In contrast, when the two routes of administration (icv and iv) were compared, gastric retention did not differ significantly after the use of an icv dose of dipyrone 16 times lower than that applied iv for the same time of action (10 min). A ratio of 1/10 or more between the doses injected icv and iv suggests that the drug has a direct action on the CNS (36) . Favoring the possibility of a direct effect are observations of the analgesic action of dipyrone applied to the CNS (37, 38) . In addition, there is the fact that dipyrone administered iv, in contrast to what occurs when it is administered per os, is metabolized more slowly, can be detected in the circulation for a very short period of time, is significantly excreted through the kidneys, and is detected in large quantities in the urine in the form of MAA (16, 39) . Thus, we speculate that the drug, soon after injection, may reach the CNS and trigger the delay in gastric emptying.
However, since the icv effect of MAA was not tested, this metabolite, locally generated or reaching the CNS through the circulation, may be responsible for the effect on gastric emptying attributed to dipyrone. There is also the possibility that metabolites other than AA are responsible for this effect, since the isoenzymes P450IIB 1,2 associated with drug metabolism are found in the astrocytes of rats (40) . However, this is speculative since there is no information about whether dipyrone is hydrolyzed in the CNS or whether there is a local generation or transformation of its metabolites.
The present results suggest that the delay in gastric emptying determined by dipyrone is due to the action of the drug on the CNS, with involvement of the PVN and participation of the vagus nerve.
